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Description 

This invention relates to gas turbine engines, in par- 
ticular, gas turbine engine control based on inlet pres- 
sure distortion. 5 

Future aircraft gas turbine engines must have the 
capability to successfully accommodate the increased 
steady-state and dynamic inlet pressure distortion that 
is encountered on high speed aircraft operating at su- 
personic speeds, and on aircraft with high maneuvera- io 
bility thrust vectoring. These distortion effects directly 
impact compressor stall margin, and future engine sys- 
tems, which will be designed with less stall margin to 
reduce compression system weight. Reduced design 
stall margin is made practical by the newer adaptive en- is 
gine control systems that are capable of maintaining ad- 
equate stall stability by adjusting the steady state and 
transient compression system component match points 
to instantaneous engine operating conditions. Inlet 
pressure distortion and inlet recovery are but factors- 20 
although very important-in establishing the instantane- 
ous stability requirements. In a contemporary adaptive 
control system, these factors are not measured but are 
represented by non-adaptive model algorithms. The 
margins that are required to account for high pressure 2s 
distortion operation reduces the potential benefit of the 
adaptive control concept during normal engine opera- 
tion. 

The relationship between compressor stall and inlet 
conditions is known. U.S. patent 5,165,844, for in- 30 
stance, also assigned to the assignee of this application, 
discusses some techniques to control compressor "stall 
margin", and may be considered representative of the 
state of the art dynamic, real-time techniques that con- 
trol engine geometry with active components such as 35 
stators and variable exhaust nozzles. 

Variations in pressure across and around the com- 
pressor inlet duct (radial and circumferential pressure 
variations) can be so uneven at times as to put substan- 
tial portions of the compressor in operating conditions 40 
at or below proper stall pressure ratios. U.S. patent 
4,872,807, also assigned to the assignee of this appli- 
cation, considers a technique that measures inlet pres- 
sure at the compressor axis, but not inlet pressure dis- 
tortion, as part of a scheme to control "engine geometry" *5 
with a control, to regulate stall margin levels. The patent 
describes a computation process, partially harnessed in 
this invention, by which the static pressure yields a dy- 
namic pressure component based on the instantaneous 
engine operating conditions, namely Ni, N2, T2 and so 
PT2. That process only measures the pressure at one 
point-only at the engine center line axis at that. 

To some degree, what is shown in U.S. patent 
4,872,807 typifies conventional approaches premised 
on employing predetermined correlations of distortion ss 
intensity as a function of aircraft altitude and flight con- 
dition, engine airflow and inlet ramp position (on variable 
inlet equipped aircraft). In other words, they are prem- 


ised on estimations of pressure distortion that can be 
encountered but are not premised on the actual pres- 
sure distortion. 

Conventional jet engine knowledge recognizes that 
there usually are variations in pressure across and 
around the inlet surface; in other words, an uneven pres- 
sure distribution. This can arise for many reasons, 
among them engine orientation and ambient airflow dur- 
ing different aircraft flight modes and ambient airflow 
conditions. Depending upon the magnitude of variation 
in pressure from an average pressure and the location 
of these variations radially and circumferentially, an en- 
gine will experience variations in stall margin. Conven- 
tional measurements of these pressures during tests 
have used total pressure sensors located at different (up 
to forty) locations in the inlet. 

But for actual aircraft applications, total pressure 
sensors are not practical for reasons of safety and reli- 
ability. Extending into the airflow path, much like a pitot 
tube used on aircraft to measure airspeed, a total pres- 
sure sensor is an obstruction directly in front the com- 
pressor blades, not only affecting airflow to some extent, 
but, creating a dangerous projectile that can break off if 
struck by debris, producing catastrophic engine dam- 
age. The approach may have some appeal for experi- 
mental purposes but is unacceptable for actual aircraft 
applications for those safety reasons. 

Several methods for computing total pressure 
measurements with distortion indices are in use in the 
gas turbine industry, but only for experimental purposes 
since they are premised on total pressure measure- 
ments simply to determine experimental inlet pressure 
variations. One standard, often used to correlate meas- 
ured pressure distribution to distortion levels, is the in- 
dustry standard SAE ARP 1420. Though this standard 
is primarily intended for research purposes, where a 
large number of measurements are made (typically 40), 
it may be applicable to a reduced number of measure- 
ments. The technique is predicated on the relationships 
between "total stall margin loss" and stall margin due to 
circumferential and radial pressure distortion. The total 
stall margin loss may be computed by interpolating stall 
margin loss from experimentally obtained circumferen- 
tial and radial pressure distortions using flow obstructing 
devices such as screens and meshes with different ar- 
eas in the inlet flow path. 

A gas turbine engine and a method of its control 
having the features of the first parts of claims 1 and 6 is 
known from US-A-4 523 603 and GB-A-2 248 885. 

An object of the invention is to provide a highly re- 
sponsive static pressure sensor array and processing 
system for combined use in the calculation of inlet face 
distortion and in the recognition of stall precursors as- 
sociated with near-stall operation. 

An object of the invention is to use the quantitative 
intensity of the distortion components (steady and time 
varying; circumferential and radial) with adaptive engine 
models in representing the effects on inlet recovery, 
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component performance and stall line loss. 

An object of the invention is to rely on system band- 
width to filter time varying disturbances into components 
that should be rejected by the control system and com- 
ponents that must be accommodated by stability mar- 
gin. Recognition of stall precursors can identify near- 
stall operation to provide adaptive models of the basic 
compression system and provide instantaneous limiting 
for safety. 

An object of the present invention is to provide an 
improved stall margin control in gas turbine engines by 
mapping total airflow into the engine based on static 
pressure measurements correlated to specific engine 
characteristics. 

The solution to such problems is disclosed in claims 
1 and 6. 

According to one aspect of the invention, there is 
provided a gas turbine engine comprising a control for 
modifying engine airflow geometry as a function of en- 
gine operating conditions comprising signal processing 
means, characterized by means on a main air inlet to 
the compressor for providing a plurality of static pres- 
sure signals corresponding to the static pressure value 
at a plurality of inlet locations along inner and outer di- 
ameters of the inlet; and the signal processing means 
comprising means for converting each static pressure 
signal to a total pressure signal, for computing, from 
each total pressure signal, pressure variation values for 
radial and circumferential directions across the inlet be- 
tween the inner and outer diameters, for producing a sig- 
nal manifesting the pressure distortion level for the inlet 
by correlating said pressure variation values with stored 
values of pressure distortion for the inlet that are stored 
in the signal processor, and for providing a control signal 
to change engine airflow geometry as a function of a 
stall margin loss signal produced by correlating the sig- 
nal manifesting pressure distortion to the engine using 
values for stall margin loss for the engine that are stored 
in the signal processor. 

Preferably, multiple static pressure measurements 
are made in the inlet and converted to local instantane- 
ous total pressures to determine the variation and there- 
by the total pressure distortion from which engine con- 
trol is augmented to balance engine operation to the dis- 
tortion pattern. 

Preferably, from the total pressure measurements, 
circumferential and radial distortion are computed and 
then used to address stored data indicating a stall mar- 
gin condition for the inlet. The stall margin indication is 
used to address a compressor airflow geometry correc- 
tion for the particular engine to produce a signal that 
changes airflow to achieve a desired stall margin (re- 
duce "stall margin loss* due to the total pressure distor- 
tion). 

Time varying levels (oscillations and transients) in 
the total pressure serve as an indication (precursor) of 
a stall and, preferably, to initiate an immediate change 
in compressor airflow geometry. 


Preferably, starting with the computed total pres- 
sure (P t ) for each sensor (computed from the static pres- 
sure) the average total pressure (Ptavg) f° r a " tne sen * 
sors is computed in real time by a signal processor pro- 
5 ducing a signal AV. The average total pressure (Pjoavg)) 
of all the inner diameter (ID) sensors (around the cone) 
is computed along with the average (P 0 Davg) °* tne total 
pressures for all of the outer diameter (OD) sensors 
(along the circumference of the inlet). The distortion in 
10 the radial direction is determined from the difference be- 
tween P 0 Davg and p iDavg divided by P tevg . The circum- 
ferential distortion is determined from the difference be- 
tween P t (total pressure computed at each point) and 
the P todavg divided by P^g, producing a distortion value 
J5 for each OD sensor location, from which a map of overall 
circumferential distortion value is available. From that 
value, circumferential stall margin loss is determined by 
referencing stored data for the specific inlet. Using the 
stall margin loss and stored information on the engine 
specifically correlating the relationship between stall 
margin loss and actual engine airflow (pressure ratio) a 
signal is produced to achieve a desired pressure ratio. 

Among the advantages of the present invention, it 
provides superior stall margin control that is tailored to 
each engine through a somewhat "universal" inlet pres- 
sure sensing philosophy; that is, the same pressure sen- 
sor arrangement can be used on different types of en- 
gines. In any case, the sensors are non-obstructing. 

Another advantage of the invention is that it can use 
opto-pressure sensors for pressure sensing and can be 
incorporated into "FADECS" (full authority digital engine 
controls). The same approach may be taken to provide 
a map of inlet temperature across the inlet, also using 
flush sensors incorporating temperature probes. 

Still another advantage, the invention provides in- 
stantaneous measurement and recognition of the actual 
inlet distortion pattern. Distortion measurement im- 
proves accuracy, reduces analytical and flight develop- 
ment, accommodates rapidly occurring abnormal con- 
ditions such as exhaust ingestion, aircraft wakes, 
ground effects and inlet failure or damage. The invention 
also provides actual measurement of engine face pres- 
sure for inlet recovery calculation and optimization. 

An embodiment of the invention will now be de- 
scribed by way of example only and with reference to 
the accompanying drawings, in which: 

FIG. 1 is a functional block diagram showing an air- 
craft gas turbine and a control and signal processing 
system for processing static pressure signals from a plu- 
rality of static pressure sensors around the inlet and 
around the inlet cone in an arrangement embodying the 
present invention. 

FIG. 2 is a flow chart showing signal processing 
steps for carrying out the present invention using the sig- 
nal processor shown in the system shown in FIG. 1. 

FIG. 3 is a flowchart of a subroutine for computing 
pressure from a static pressure sensor using T^, P 6 , 
N1 signals from the gas turbine engine. 
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FIG. 4 is a graph showing a typical map of radial 
pressure distortion when there is difference between ra- 
dial and circumferential static pressure measurements 
of the type sensed according to the present invention. 

FIG. 5 is a graph showing total circumferential pres- 
sure distortion around an inlet with circumferential pres- 
sure distortion. 

When flow path pressure is measured at sites dis- 
tributed around the outer and inner walls of an engine, 
as in the case of this invention, it may be done with flush 
or slightly protruding static ports (to pressure sensors). 
In the preferred embodiment there are typically six to 
eight sites on the outer wall, equally spaced apart (an- 
gularly) and three to four on the inner wall (engine nose). 
The pressure measurements are converted using basic 
equations such as: 

Static to Total Pressure Conversion 

Equation 1 M = [(2/y-1) (1 -( P x I P s ) * ]- 6 

where: 

P t = total pressure 
P s = static pressure 
M = Mach number (flow) 
C p = position error 
k = 

This shows that for a particular fan (compressor) the so- 
lution to the first relationship can be represented as a 
tabular conversion function in terms of inlet corrected 
mass flow: 

Equation 2 p / p s = f(inlot corrected mass flow) 

With these relationships, total pressure is calculated for 
each measurement point (static sensor position) by mul- 
tiplying the static pressure by the conversion function 
obtained at the site of each static pressure sensor. 

Referring first to FIG. 1 , the internal components of 
a gas turbine engine 10 have not been shown. Those 
components are known, as shown, for example, in U.S. 
patent 4,414,807, which also shows engine operating 
signals (in common nomenclature) N1, Wf, T^ which 
are used in a computation made with the invention 
shown in FIG. 3, where the total pressure is P t . The en- 
gine is assumed to have mechanisms to vary its airflow 
geometry, such as a variable area exhaust nozzle 10.1 
and a stator control (not shown) operable by a stator 
control signal ST The signal NZ1 controls the nozzle 
area. An electronic control 12 is connected to a power 
lever 14 that provides a PWR signal to the control 12, 
which, among other things, controls fuel flow W f to the 
engine. The control 1 2 is "computer based"; that is it has 
a •central processing unit" or signal processor (CPU) 


that is programmed to receive the indicated signals, ad- 
dress a memory unit MEM and control engine operation. 
This is an oversimplification of a so called "digital elec- 
tronic engine control" because the assumption is that 
s the fundamentals of such controls are well known in the 
art, in as much as those controls are in wide use. The 
invention resides in using such a control and special 
sensors (flush static pressure sensors) to give a gas tur- 
bine engine a special operating quality. The control 12 
is assumed to have an input/output section 12.1 through 
which it interacts with the engine and its subsystems, 
such as the stator control or the nozzle area control. 
Subsystem 12.2 represents a common fuel control sec- 
tion of the control. 

Directing attention to the front end or inlet 10.2 of 
the engine, the presence of eight "circumferential" static 
pressure sensors 16 or transducers should be ob- 
served. These are located on the inside of the inlet, pref- 
erably just in front of the fan. Each sensor provides a 
signal PC to the control 12 over one of the lines 12.4. 
Radially inward from the sensors 16, are four similar 
static pressure transducers 18. These are located 
around the nose, just before the fan. Each sensor 18 
provides a signal PR of one of the lines 12.5 to the con- 
trol 12. Considering the in let surface area, it will be noted 
that a sensor 18 is approximately angularly equidistant 
from a sensor 16. 

Before considering the way that the control uses the 
signals (of static pressure) from the sensors 16 and 18 
with the aid of the signal flow charts in FIGS. 2 and 3, 
attention should be directed to the graphs in FIGS. 4 
and 5. Graph 4 shows that as the radius (from a sensor 
18) increases it can be assumed that the pressure dis- 
tortion will increase linearly. Thus, starting with a pres- 
sure measurement at a sensor 18, a radially map of 
pressure along an imaginary radial map line 18.1 would 
follow the pattern of FIG. 4. On the other hand, FIG. 5 
provides a different plot of pressure around the inlet cir- 
cumference; that is, along the imaginary line 16.1 along 
which the sensors 1 6 are placed. This map shows pres- 
sures that are above and below average demonstrating 
a distorted pressure pattern. The magnitude of circum- 
ferential pressure distortion is manifested in the map in 
FIG. 5 and may be computed from the total area of the 
map. 

Applying this to FIG. 2, which is an exemplary signal 
processing scheme for carrying out the invention, the 
process begins with step S1 , when the pressure signals 
(PC and PR) are read from the sensors. At step S2, the 
total pressure for each sensor is calculated using the 
total pressure P, computation subroutine shown as 
steps S20-S26 in FIG. 3, which uses standard engine 
nomenclature to explain how to produce, at step S26, 
the value P t from each static pressure signal. There "PS" 
means either PC or PR. 

At step S3 in FIG. 2, the radial and circumferential 
pressure distortions are calculated in this way starting 
with the value of P t for each sensor. All the values of P t 
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are averaged to produce P tevg . Then, the average of P, 
for all the OD sensors 1 6 is calculated (P t0 davg) and « ljke ' 
wise, the average for all the sensors 18 is calculated 
(P tidavg ). Radial pressure distortion is calculated by: 


Equation 3 Radial distortion = (P todavg - P^vg^i 


Circumferential distortion, however, is calculated some- 
what differently. The first step is to calculate the differ- 
ence between the total pressure at each sensor 16 and 
the 

Ptodavg- Then, that difference is divided by Pjoday, 
producing a ratio with a magnitude indicative of the total 
pressure variation from the average for each sensor 16. 
Thus, eight values of data points will be produced if eight 
sensors are used, as shown in FIG. 1. As will be ex- 
plained below with reference to step S6, these data 
points are correlated to experimentally obtained data 
points for the inlet to determine the stall margin loss. 
The radial distortion value is likewise correlated. 

However, before moving to step S6, the routine 
tests the peak to peak (P-P) variations in static pressure 
of one or more of the sensors to produce a signal XP In 
step S5, a stall precursor flag (Flag 1 ) is set if the value 
of XP exceeds a reference value, indicating that a stall 
is imminent. A test is made at step S5.1 for Flag 1 and 
an affirmative answer moves the routine immediately to 
step S9, which initiates a stall prevention/recovery pat- 
tern, e.g. immediately opening the exhaust nozzle on 
the engine or opening the stator vanes. 

Assuming a negative answer at step S5.1 , the rou- 
tine progresses to step S6. There, radial and circumfer- 
ential pressure distortion data for the inlet are refer- 
enced, e.g from a look-up table in the MEM, to determine 
the stall margin loss for the inlet. Engine model data is 
read at step S7, a step that correlates the stall margin 
loss to the compressor characteristics and N2, causing, 
in step S8, the production of a control pattern for the 
engine, which is executed in step S10. That control pat- 
tern may involve, depending upon the engine charac- 
teristics, varying bleed, stator deflection or exhaust noz- 
zle area. 

The routine in FIG. 2 can, of course, be entered and 
run many times per second depending upon the main 
program. Ideally, pressure sampling in step S1 should 
be done at a rate that bandwidth limits pressure changes 
to avoid unnecessary aberrations, for instance at 1000 
Hz, which would have a frequency response of 200 Hz, 
sufficient for the data that is monitored. 

While pressure has been used, temperature may 
also be plotted and its distortion across the inlet also 
mapped and compared to generate a stall precursor sig- 
nal that causes geometry augmentation if the error sat- 
isfies the distortion error for the particular engine. In this 
regard, it should be considered that the sensors in the 
inlet are "engine neutral*: the data that they produce is 


compared to data for the engine and data computed 
based on engine operation to diagnose the distortion 
pattern's severity for the engine and to command a ge- 
ometry change if required for the engine. One type of 
s sensor that may be used, because of its high response, 
light weight and EMI immunity, is the model P 104 by 
MetriCor. 


10 Claims 

1. A gas turbine engine (10) comprising a control for 
modifying engine airflow geometry as a function of 
engine operating conditions comprising signal 
15 processing means, characterized by: 

means (16,18) on a main air inlet (10.2) to the 
compressor for providing a plurality of static 
pressure signals corresponding to the static 
20 pressure value at a plurality of inlet locations 

along inner and outer diameters of the inlet; and 
the signal processing means (12) comprising 
means for converting each static pressure sig- 
nal to a total pressure signal, for computing, 
25 from each total pressure signal, pressure vari- 

ation values for radial and circumferential direc- 
tions across the inlet between the inner and out- 
er diameters, for producing a signal manifesting 
the pressure distortion level for the inlet by cor- 
30 relating said pressure variation values with 

stored values of pressure distortion for the inlet 
that are stored in the signal processor, and for 
providing a control signal to change engine air- 
flow geometry as a function of a stall margin 
35 loss signal produced by correlating the signal 

manifesting pressure distortion to the engine 
using values for stall margin loss for the engine 
that are stored in the signal processor. 

40 2. A gas turbine engine according to claim 1 , further 
characterized in that: 

the signal processing means (12) comprises 
means for providing an AV signal manifesting the 
average of total pressure for the pressure sensors, 

45 for providing an OD signal manifesting the average 
of total pressure for each sensor along the inlet out- 
er diameter, for providing an ID signal manifesting 
the average total pressure of each sensor along the 
inlet inner diameter, for providing a radial pressure 

so distortion signal with a magnitude proportional to 
the difference between the OD and ID signals divid- 
ed by the AV signal. 

3. A gas turbine engine according to claim 1 or 2, fur- 
55 ther characterized in that: 

the signal processing means (12) comprises 
means for providing a circumferential pressure dis- 
tortion signal manifesting the difference between 
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the AV signal and the total pressure computed for 
each outer diameter sensor divided by the AV sig- 
nal. 

A gas turbine engine according to any preceding 
claim, further characterized in that: 

the signal processing means (12) comprises 
means for providing a stall precursor signal in re- 
sponse to time varying changes in at least one of 
the static pressure signals and for providing a stall 
control signal to modify engine airflow geometry in 
response to the stall precursor signal to increase 
compressor stall margin. 

A gas turbine engine according to claim 4, further 
characterized in that the time varying changes are 
peak to peak changes. 

A method of controlling a gas turbine engine (10) 
by means of modifying engine airflow geometry as 
a function of engine operating conditions, compris- 
ing the steps of: 

providing a plurality of static pressure signals 
corresponding to the static pressure value at a 
plurality of inlet locations along inner and outer 
diameters of a main air inlet to the compressor; 
converting each static pressure signal to a total 
pressure signal; 

computing from each total pressure signal 
pressure variation values for radial and circum- 
ferential directions across the inlet between the 
inner and outer diameters; 
producing a signal manifesting the pressure 
distortion level for the inlet by correlating said 
pressure variation values with stored values of 
pressure distortion for the inlet; and 
providing a control signal to change engine air- 
flow geometry as a function of a stall margin 
loss signal produced by correlating the signal 
manifesting pressure distortion to the engine 
using stored values for stall margin loss for the 
engine 


Patentanspruche 

1. Gasturbinentriebwerk (10) aufweisend eine Rege- 
lung zum Modifizieren der Geometrie der Trieb- 
werksluftstromung als eine Funktion der Betriebs- 
zustande des Triebwerks, aufweisend eine Signal- 
verarbeitungseinrichtung, gekennzeichnet durch: 

eine Einrichtung (16, 18) an einem Hauptluft- 
einlauf (10.2) zu dem Verdichter zum Bereit- 
stellen einer Mehrzahl von Signalen fur stati- 
schen Druck, die dem Wert des statischen 
Drucks an einer Mehrzahl von Einlaufstellen 


um den Innendurchmesser und den AuGen- 
durchmesser des Einlaufs entsprechen; und 

wobei die Signalverarbeitungseinrichtung (12) 

5 eine Einrichtung aufweist zum Umwandeln je- 

des Signals fur statischen Druck in ein Gesamt- 
drucksignal, zum Berechnen von Druckande- 
rungswerten fur die Radialrichtung und die Um- 
fangsrichtung uber den Einlauf zwischen dem 

10 Innendurchmesser und dem AuGendurchmes- 

ser aus jedem Gesamtdrucksignal, zum Erzeu- 
gen eines Signals, das das Druckverzerrungs- 
niveau fur den Einlauf manifestiert, durch Kor- 
relieren der Druckanderungswerte mit gespei- 

1$ cherten Werten der Druckverzerrung fur den 

Einlauf, die in der Signalverarbeitungseinrich- 
tung gespeichert sind, und zum Bereitstellen ei- 
nes Regelsignals, um die Geometrie derTrieb- 
werksluftstromung als eine Funktion eines Si- 

20 gnals des Verlusts des StromungsabriGspiel- 

raums zu andem, das durch Korrelieren des Si- 
gnals, das die Druckverzerrung manifestiert, 
mit den Triebwerksbetriebswerten fur den Ver- 
lust des StrdmungsabriGspielraums fur das 

25 Triebwerk, die in der Signalverarbeitungsein- 

richtung gespeichert sind, erzeugt wird. 

2. Gasturbinentriebwerk nach Anspruch 1 , ferner da- 
durch gekennzeichnet, daG die Signalverarbei- 

30 tungseinrichtung (12) eine Einrichtung aufweist 
zum Bereitstellen eines AV-Signa!s, das den Mittel- 
wert fur den Gesamtdruck fur die Drucksensoren 
manifestiert, zum Bereitstellen eines OD-Signals, 
das den Mittelwert des Gesamtdrucks fur jeden 

35 Sensor um den AuGendurchmesser des Einlaufs 
manifestiert, zum Bereitstellen eines ID-Signals, 
das den Mittelwert des Gesamdrucks fur jeden Sen- 
sor um dn Innendurchmesser des Einlaufs manife- 
stiert, und zum Bereitstellen eines Signals der ra- 

40 dialen Druckverzerrung mit einer GroGe, die pro- 
portional ist zu der Differenz zwischen dem OD-Si- 
gnal und dem ID-Signal geteiltdurch das AV-Signal. 

3. Gasturbinentriebwerk nach Anspruch 1 Oder 2, fer- 
45 ner dadurch gekennzeichnet, daG die Signalverar- 
beitungseinrichtung (12) eine Einrichtung zum Be- 
reitstellen eines Signals der umfangsmaGigen 
Druckverzerrung aufweist, das die Differenz zwi- 
schen dem AV-Signal und dem fur jeden Sensor des 

50 AuGendurchmessers berechneten Gesamtdruck 
geteilt durch das AV-Signal manifestiert. 

4. Gasturbinentriebwerk nach einem der vorangehen- 
den Anspruche, ferner dadurch gekennzeichnet, 

55 daG die Signalverarbeitungseinrichtung (12) eine 
Einrichtung zum Bereitstellen eines Strdmungsab- 
riG-Vorlauf ersignals in Reaktion auf sich mit der Zeit 
verandemde Anderungen bei mindestens einem 
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der Signale fur statischen Druck und zum Bereit- 
stellen eines StrdmungsabriB-Regelsignals auf- 
weist, urn die Geometrie der Triebwerksstromung 
in Reaktion auf das StrdmungsabriG-Vorlaufersi- 
gnal zu modifizieren, um den StromungsabriGspiel- 
raum des Verdichters zu erhohen. 

5. Gasturbinentriebwerk nach Anspruch 4, ferner da- 
durch gekennzeichnet, daG die sich mit der Zeit ver- 
andernden Anderungen Anderungen von Spitzen- 
wert zu Spitzenwert sind. 

6. Verfahren zum Regeln eines Gasturbinentrieb- 
werks (1 0) durch Modifizieren der Geometrie der 
Triebwerksluflstromung als Funktion der Betriebs- 
zustande des Triebwerks, aufweisend die folgen- 
den Schritte: 

Bereitstellen einer Mehrzahl von Signalen fur 
statischen Druck, die den Werten des stati- 
schen Drucks an einer Mehrzahl von Einlauf- 
stellen um einen Innendurchmesser und einen 
AuBendurchmesser eines Hauptlufteinlaufs zu 
dem Verdichter entsprechen; 

Umwandeln jedes Signals fur statischen Druck 
in ein Gesamtdrucksignat; 

Berechnen von Druckanderungswerten aus je- 
dem Gesamtdrucksignal fur die radiale Rich- 
tung und die Umfangsrichtung uberden Einlauf 
zwischen dem Innendurchmesser und dem Au- 
Bendurchmesser; 

Erzeugen eines Signals, das das Druckverzer- 
rungsniveaufurden Einlauf manifestiert, durch 
Korrelieren der Druckanderungswerte mit ge- 
speicherten Werten der Druckverzerrung fur 
den Einlauf; und 

Bereitstellen eines Regelsignals, um die Geo- 
metrie der Triebwerksluftstromung als eine 
Funktion eines Signals des Verlusts des Strd- 
mungsabriBspielraums zu andern, durch Kor- 
relieren des die Druckverzerrung manifestie- 
renden Signals mit gespeicherten Triebwerks- 
betriebswerten fur den Verlust des Stromungs- 
abriBspielraums fur das Triebwerk. 


Revendications 

1. Moteur a turbine a gaz (10) comprenant une com- 
mando permettant de modifier la geometrie du cou- 
rant d'air du moteur en fonction des conditions de 
fonctionnement du moteur, comprenant un moyen 
de traitement de signal, caracterise par : 


un moyen (16,18) sur une admission d'air prin- 
cipale 10.2) du compresseur permettant de 
fournir une pluralite de signaux de pression sta- 
tique correspondant a la valeur de la pression 

5 statique a une pluralite d'emplacements d'ad- 

mission situes le long des diametres int6rieur 
et exterieur de I'admission ; et 
le moyen de traitement de signal (12) compre- 
nant un moyen permettant de convertir chaque 

10 signal de pression statique en un signal de 

pression totale, permettant de calculer, a partir 
de chaque signal de pression totale, les valeurs 
de variation de la pression pour le sens radial 
et sur la circonference de I'admission entre les 

15 diametres interieur et exterieur, permettant de 

produire un signal revelant le niveau de la dis- 
torsion de la pression a Padmission en mettant 
en relation lesdites valeurs de variation de la 
pression avec les valeurs memorisees de la 

20 distorsion de la pression a I'admission qui sont 

memoris6es dans le processeur de signal, et 
permettant de fournir un signal de commande 
afin de changer la geom6trie du courant d'air 
du moteur en fonction du signal de perte de 

2S marge de calage produit par la mise en relation 

du signal revelant la distorsion de la pression 
et le moteur en utilisant les valeurs de perte de 
marge de calage pour le moteur qui sont m6- 
morisees dans le processeur de signal. 

30 

2. Moteur a turbine a gaz selon la revendication 1 , ca- 
ract6rise en outre par : 

le moyen de traitement de signal (1 2) qui com- 
prend un moyen permettant de fournir un signal AV 

35 revelant la moyen ne de la pression totale pour les 
detecteurs de pression, permettant de fournir un si- 
gnal OD revelant la moyenne de la pression totale 
pour chaque detecteur le long du diametre exterieur 
de I'admission, permettant de fournir un signal ID 

40 revelant la moyenne de la pression totale pour cha- 
que detecteur le long du diametre interieur de ('ad- 
mission, permettant de fournir un signal de distor- 
sion de la pression dans le sens radial, dont I'am- 
plitude est proportionnelle a la diff6rence entre le 

45 signal OD et le signal ID divises par le signal AV. 

3. Moteur a turbine a gaz selon la revendication 1 ou 
2, caracteris6 en outre en ce que : 

le moyen de traitement de signal (12) com- 
50 prend un moyen permettant de fournir un signal de 
distorsion de la pression sur la circonference reve- 
lant la difference entre le signal AV et la pression 
totale calcu!6e pour chaque detecteur de diametre 
exterieur divise par le signal AV. 

55 

4. Moteur a turbine a gaz selon rune quelconque des 
revendications prec6dentes, caracteris6 en outre 
en ce que : 


7 


13 
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le moyen de traitement de signal (12) com- 
prend un moyen permettant de fournir un signal pr6- 
curseur de calage en reponse a des changements 
variant dans le temps d'au moins un des signaux 
de pression statique et permettant de fournir un si- 5 
gnal de commande de calage afin de modifier la 
geometrie de courant d'air du moteur en reponse 
au signal precurseur de calage afin d'augmenter la 
marge de calage du compresseur. 

10 

Moteur a turbine a gaz selon la revendication 4, ca- 
racterise en outre en ce que les changements va- 
riant dans le temps sont des changements de cr§te 
a crete. 

15 

Precede de commande d'un moteur a turbine a gaz 
(10) au moyen de la modification de la geometrie 
de courant d'air du moteur en fonction des condi- 
tions de fonctionnement du moteur, comprenant les 
etapes suivantes : 20 

foumiture d'une plurality de signaux de pres- 
sion statique correspondant a la valeur de la 
pression statique a une plurality d'emplace- 
ments d'admission le long des diametres int6- 25 
rieur et exterieur d'une admission d'air princi- 
pale du compresseur ; 

conversion de chaque signal de pression stati- 
que en un signal de pression totale ; 
calcul, a partir de chaque signal de pression to- 30 
tale, des valeurs de variations de la pression 
dans le sens radial et sur la circonfgrence de 
Padmission, entre les diametres interieur et 
exterieur ; 

production d'un signal rev6lant le niveau de dis- 35 
torsion de la pression pour I'admission en met- 
tant en relation lesdites valeurs de variation de 
la pression avec les valeurs memorisees de la 
distorsion de la pression a {'admission ; et 
foumiture d'un signal de commande afin de 40 
changer la geometrie de courant d'air du mo- 
teur en fonction d'un signal de perte de marge 
de calage en mettant en relation le signal reve- 
lant la distorsion de la pression et le moteur en 
utilisant les valeurs memorisees pour la perte 45 
de marge de calage pour le moteur. 


so 
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